ABSTRACT: In situ and in vitro studies with a 3 × 2 × 5 factorial arrangement of treatments with an added untreated control evaluated three enzyme preparations, two levels of enzyme, and five moisture conditions of grass forage. Enzyme preparations predominantly contained cellulase and xylanase and will be designated as enzyme 1 (E1), enzyme 2 (E2), and a 50:50 combination of E1 and E2 (E1E2). The five moisture conditions included fresh, wilted, dried and rehydrated to fresh, dried and rehydrated to wilt, and dried grass. Addition of the high level of E1E2 to dried grass improved ( P < .05) in vitro DM (43.5 vs 38.7%) and NDF (31.1 vs 26.0%) disappearance (48 h incubation) compared with the control treatment. Also, IVDMD was greater ( P < .05) for the low level of E1 applied to wilted grass compared with the control. No other enzyme application improved in situ or in vitro disappearance of substrate over the control. In vivo responses of enzyme treatments found most likely to be effective from degradability studies were measured using four ruminally cannulated steers in a 4 × 4 Latin square experiment. Treatments examined were E1 applied to fresh forage, then dried; E1 applied to wilted forage, then dried; E1E2 applied to dry forage immediately before feeding (E-dry), and untreated forage (control). All forage treatments were harvested as dry hay. Total diet and hay DM intakes were greater ( P < .05) for the E-dry than for the control diet. Rate of in situ NDF disappearance and total tract DM and NDF digestibility were greater ( P < .05) for the E-dry than for the other treatments. Ruminal fluid ammonia N concentration, total VFA concentration, and pH were not altered ( P > .10) by dietary treatment. Ruminal particulate passage rate was greater ( P < .05) and ruminal retention time was shorter ( P < .05) for the E-dry than for the control treatment. Data from this study suggest that addition of fibrolytic enzymes to grass hay before feeding has the potential to enhance intake and digestion.
Introduction
Preparations of enzymes that degrade cell walls (cellulases and xylanases) have the potential to hydrolyze forage fiber. A number of studies have shown that the addition of such enzymes to grass or alfalfa before ensiling reduced the concentration of plant structural carbohydrates compared with untreated silages (Henderson and McDonald, 1977; van Vuuren et al., 1989; Jacobs and McAllan, 1991; Kung et al., 1992; Stokes, 1992) . Such enzymatic action on silage may enhance in vivo digestion. Improved digestibility of OM by sheep (Huhtanen et al., 1985) and increased growth (Bolsen et al., 1980) and milk production (Stokes, 1992; Chen et al., 1994) by cattle have been observed with enzyme-treated silages. However, other experiments have shown that enzymetreated silages failed to improve fermentation during ensiling (Bolsen et al., 1989; Jaster and Moore, 1990; Kung et al., 1991) or animal performance (Kennedy, 1987 (Kennedy, , 1988 compared with untreated silages.
To date, studies with enzyme-treated forages have examined only responses after ensiling. Few data are available involving application of fibrolytic enzymes to forages that are not subsequently ensiled. Specifically, research is needed to examine the effects of exogenous fibrolytic enzymes applied to forage to be harvested as dry hay and as direct-fed additives to forage diets. The objectives of these experiments were to examine the effects of adding enzymes directly to grass on in vitro and in situ nutrient disappearance and on in vivo digestive characteristics in beef cattle.
Materials and Methods

Experiment 1
In vitro and in situ experiments were conducted to evaluate three liquid preparations of enzymes involved in cell wall degradation. The three preparations were enzyme 1 ( E1) , enzyme 2 ( E2) , and a 50: 50 combination of E1 and E2 ( E1E2) . Enzymes were commercial preparations from fungal extracts (FinnFeeds International, Marlborough, U.K.); E1 was Alphazyme and E2 was Grasszyme. Enzyme activities were cellulase at 11,500 and 23,300 units of hydroxyethyl cellulase per milliliter, xylanase at 3,000 and 5,800 IU per milliliter, and cellobiase at 40 and 55 IU per milliliter for E1 and E2, respectively. Enzyme 1 also contained a-amylase at 5,500 IU per milliliter and pectinase at 1,250 units of polygalacturonase per milliliter; E2 also contained glucose oxidase at 83 IU per milliliter.
Mature cool-season grass, predominantly smooth bromegrass, was harvested and chopped at a length of 4.5 cm. Ninety-three fresh samples ( 1 kg each) were weighed after harvesting. The samples were divided into five groups and prepared to the following moisture conditions: fresh, wilted (41% DM), dry, dried and rehydrated to the fresh moisture level, and dried and rehydrated to the wilted moisture level. Moisture conditions were obtained by allowing samples to air-dry at ambient conditions (average temperature 24°C, drying time 72 to 96 h). Enzyme preparations were applied to grass samples at two levels (2.1 and 5.26 mL/kg DM). Therefore, treatments were in a 3 × 2 × 5 factorial arrangement with main effects being enzyme type, enzyme level, and grass moisture condition, respectively. Factorial treatments were applied to grass in triplicate. Enzyme preparations were added to the grass samples using a hand sprayer after diluting the appropriate volume of enzyme to 15 mL with distilled water. Samples were continuously stirred to ensure equal distribution of the enzyme solutions. Subsequently, the treated samples and three untreated, air-dried control samples were ground to pass a 2-mm screen in a Wiley mill. A portion of each sample was then reground through a 1-mm screen for DM (AOAC, 1990) and NDF (Van Soest et al., 1991) analyses.
In situ degradation of treatment samples was determined using three mature crossbred steers fitted with 10-cm ruminal cannulas. Steers had been fitted with the cannulas 2 yr previously by a veterinarian who had advanced training in large animal surgery. Steers were maintained on ad libitum access to grass hay and 2.5 kg/d of a 70:30 corn:soybean meal supplement for 14 d before a 3-d experimental period. Grass hay fed to the steers was not of the same source as the treatment substrates but was of the same coolseason mixture. Grass treatments were weighed into polyester bags (10 cm × 22 cm, 35 mm average pore size) with approximately 3 g of DM per bag. On each day from d 1 through 3 of the experimental period, triplicate bags representing each factorial treatment (30 treatments, 90 total bags) were placed in the rumen of each of the three steers for a 24-h incubation. Upon removal from the rumen, polyester bags were rinsed thoroughly with cold tap water until the rinse water was clear. The bags were placed in storage in 5°C before each bag was individually rinsed three times within 24 h of removal from the rumen. Bags from the d-1 incubation were stored at −5°C for particle-bound carboxymethylcellulase ( CMCase) activity determination (Silva et al., 1987) as an index of colonization of cellulolytic microbial populations. Bags from d-2 and d-3 incubations were dried in a 55°C oven for 96 h. Bag and dried residue weights were recorded and in situ DM disappearance ( ISDMD) was calculated as the DM weight loss that had occurred during incubation. Residue NDF content was determined as described by Moore et al. (1987) . Groups of 12 dried bags with residue were placed in 3-L beakers, and 2 L of NDF solution was added. The beakers were then covered with metal pans filled with ice to serve as condensers. Beakers were placed on hot plates and allowed to boil for 1 h. Bags were then rinsed in cool distilled water and dried at 55°C for 72 h. In situ NDF disappearance ( ISNDFD) was calculated as the NDF weight loss of the substrates during incubation. Dry matter and NDF disappearance was averaged across days to provide three observations (each steer) per sample.
In vitro incubations were conducted as described for the first stage of the Tilley and Terry procedure (Marten and Barnes, 1980) . Ruminal fluid was obtained from the same steers that were used for the in situ incubations. Inoculum consisted of 15 mL of ruminal fluid and 35 mL of McDougall's buffer solution. Samples were incubated in triplicate in 100-mL polyethylene tubes in a 39°C shaking water bath for 48 h. Three empty tubes were also incubated to serve as blanks. Fermentation was terminated at 48 h by injecting the tubes with 1 mL of HgCl 2 . Tubes were centrifuged at 2,000 × g for 15 min, and the supernatant was removed. Tubes with residue were dried at 55°C for 72 h and weighed for IVDMD determination. Residues were then rinsed from the tubes with NDF solution, and NDF content of the residue was determined (Van Soest et al., 1991) for in vitro NDF disappearance ( IVNDFD) determination.
Data were analyzed by ANOVA using the GLM procedure (SAS, 1986) , testing for main effects and all possible interactions involving enzyme type, enzyme level, and grass moisture condition. An LSD test (SAS, 1986) was applied when significant ( P < .05) main effects or interactions were determined. Differences between the control treatment and each of the enzyme treatments were analyzed by the SAS proc ttest (SAS, 1986). b E-dry = enzyme applied to grass hay immediately before feeding., E-fresh = enzyme applied to grass forage at cutting, E-wilt = enzyme applied to grass forage at wilting, Control = untreated grass hay. 
Experiment 2
Four ruminally cannulated crossbred beef steers (average weight 535 kg, 2.5 yr old) were used in a 4 × 4 Latin square experiment to determine the effects of addition of fibrolytic enzyme preparations to grass forage on digestive characteristics. Enzyme treatments examined were enzyme added to fresh-grass forage followed by field drying ( E-fresh) , enzyme add to wilted-grass forage followed by further field drying ( E-wilt) , enzyme added to dry-grass forage immediately before feeding ( E-dry) , and untreated dry grass forage ( control) . Grass was from the same field in the same year as that used in Exp. 1 but was 16 d later in maturity. Grass was swathed and the enzyme preparations were applied in the windrow for the Efresh and E-wilt treatments with a variable pressure sprayer. Enzyme type and application rate applied were E1 applied to E-fresh and E-wilt at 2.1 mL/kg DM, and E1E2 applied to E-dry at 5.26 mL/kg of DM. Enzyme solutions were diluted with tap water just before application so that application volume was 10 mL/kg DM. Enzyme type and application rate were selected based on the results of Exp. 1. Wilted grass (41% DM) was monitored at hourly intervals during field drying by drying grass samples in a microwave oven. All forage treatments were dried and stored as large round bales. Three core samples from each bale were obtained and composited by treatment for later determination of forage composition (Table 1) .
Steers were offered their respective grass treatments in long form for ad libitum consumption and fed a restricted amount of a corn and soybean meal-based supplement. The supplement was fed in an amount to equal 19% of the total diet DM intake ( Table 2 ), so that steers were fed 110% of maintenance energy and protein requirement. During each period, steers were adapted to their diets for 14 d followed by a sampling period. Steers had free access to water and a mineral mixture containing 30% dicalcium phosphate and 70% trace mineralized salt (97% NaCl, .2% Mn, .2% Fe, .12% Mg, .005% Co, .03% Cu, .007% I, .35% Zn, and .009% Se). Samples of forage and supplement were taken twice weekly for DM determination, and subsamples were composited for nutrient analyses (Table  2 ). Individual feed intake was measured daily. Beginning on d 1 of the experimental period, polyester bags were placed in the rumen of each steer. Substrates incubated in each steer were the untreated control grass and the grass treatment that each steer was being fed (two sets of control substrate were placed in the control-fed steers). Substrates were weighed into polyester bags (10 cm × 22 cm, 35 mm average pore size) with approximately 3 g of DM per bag. Three bags of each substrate were removed from the rumen after 8, 16, 24, 32, 48 , and 96 h of incubation. One of the three bags was analyzed for CMCase activity and two for DM and NDF determination following the procedure described in Exp. 1. In situ rate and extent of disappearance of DM and NDF were calculated as described by Varga and Hoover (1983) . Ruminal fluid samples were collected at 0, 4, 8, and 16 h after feeding on d 1 by straining ruminal digesta through four layers of cheesecloth. Ruminal fluid pH was immediately determined with a combination electrode (Model SA720, Orion, Boston, MA). A 100-mL aliquot of ruminal fluid was acidified with 1 mL of 50% HCl and frozen for analysis of VFA by gas chromatography (Erwin et al., 1961 as modified by Leventini et al., 1990) and ammonia N concentration by distillation with MgO (AOAC, 1990) . Steers were fed 5 g of chromic oxide daily via the supplement beginning 5 d before the beginning of the sampling period. On d 3 of the sampling period, 100 g of grass hay labeled with 1.5 g of Yb was placed into the rumen via the ruminal cannula. The grass hay was labeled with Yb by soaking the hay in 125 mL of a solution containing 3.89 g of Yb(NO 3 ) 3 ·5H 2 O and allowing the hay to dry at room temperature. Fecal samples were collected at 8, 12, 16, 24, 32, 40, 48, 60, 72, 84 , and 96 h after dosing. Samples were dried at 55°C and ground through a 1-mm screen. A subsample (.05 g ) of each sample was packed into polyethylene vials for analysis of both Yb and Cr by neutron activation (Hartnell and Satter, 1979) at the Washington State University Nuclear Radiation Center. Fecal Yb concentrations were applied to a one-compartment, time-dependent model for determination of particulate passage characteristics (Pond et al., 1988) . Fecal samples were analyzed for DM (AOAC, 1990) and NDF (Van Soest et al., 1991) . Fecal Cr concentrations were averaged for each steer within period to calculate total tract DM and NDF digestibilities using the marker ratio technique (Schneider and Flatt, 1975) . Data were analyzed by least squares ANOVA as a 4 × 4 Latin square design using the GLM procedure (SAS, 1986) . The sum of squares for the model was partitioned into animal, period, and treatment effects. Ruminal fluid variables were analyzed as a split-plot in time (Gill and Hafs, 1971) , with animal in the main plot and hour in the subplot. Treatment, animal, and period were tested using the whole plot error mean square, and the remaining main effects and interactions were tested using the residual error term. Treatment means were separated by LSD (SAS, 1986) when a significant ( P < .05) F-value was observed.
Results and Discussion
Experiment 1
Means of in vitro and in situ disappearance of the factorial enzyme treatments and the untreated control treatment are reported in Table 3 . The addition of enzymes to rehydrated-fresh and rehydrated-wilt treatments reduced ( P < .05) both in vitro and in situ disappearances of DM and NDF compared with other moisture condition treatments. Although moisture condition × type of enzyme interactions were observed ( P < .05) for IVDMD and IVNDFD, the in vitro disappearance of the rehydrated treatments was lower than that of the other moisture treatments for each of the enzyme types applied (Table 3) . Activity of CMCase of the in situ residue of rehydrated grasses also was lower ( P < .05) than for the dry and fresh treatments. These differences were associated with greater ( P < .05) NDF concentration of rehydrated samples (average 69.3%) compared with dry, fresh, and wilted samples (average 61.7%). Rehydration of forage could cause loss of soluble carbohydrates in grass, which may have affected microbial degradation of the rehydrated grass samples. When enzymes were applied to dry grass, IVDMD and IVNDFD were greater ( P < .05) than when enzymes were applied to fresh or wilted treatments. Similar trends ( P > .05) were observed for ISDMD and ISNDFD. Enzymes applied in the in vitro procedure were obviously contained in the tubes, whereas enzymes applied in the in situ bags may not have remained associated with the grass substrate and dispersed throughout the rumen. Also, CMCase activity was greater ( P < .05) for the dry treatment than for the wilted treatment and tended to be greater ( P = .12) than for the fresh treatment. Fresh and wilted treatments were dried at ambient temperature following enzyme application, therefore reduction of enzyme activity could occur during the drying period.
Both in vitro and in situ disappearances of DM and NDF were not altered by enzyme level. However, CMCase activity was greater ( P < .05) for the lowthan for the high-enzyme application rate. This response remains unexplained. Both IVDMD and IVNDFD were greater ( P < .05) for E1 and E1E2 than for E2, although ISDMD and ISNDFD were not affected ( P > .05) by enzyme type. Also, CMCase activity was greater ( P < .05) for E1E2 than for E1 and E2.
Interactions between moisture condition and enzyme type were observed for IVDMD and IVNDFD. The nature of these interactions can be observed in Table 3 . Addition of the high level of E1E2 to dry grass improved ( P < .05) both IVDMD (43.5 vs 38.7%) and IVNDFD (31.1 vs 26.0%) compared with the control. Also, IVDMD was increased ( P < .05) for the low level of E1 applied to wilted grass compared with the control grass (41.8 vs 38.7%). Other enzyme treatments were ineffective in improving in vitro DM and NDF disappearance compared with the control. Treatment response of CMCase was highly variable with all possible main effect interactions observed. Activity of CMCase did not seem to be associated with Table 3 . Effect of enzyme treatment on in situ and in vitro disappearance of grass and on carboxymethylcellulase (CMCase) activity of in situ residue ab a P-values are probability of that treatment grass differed from control. b IVDMD = in vitro DM disappearance, IVNDFD = in vitro NDF disappearance, ISDMD = in situ DM disappearance, ISNDFD = in situ NDF disappearance.
c Control = untreated dry-grass hay, Dry = enzyme applied to grass hay immediately before incubation, Wilt = enzyme applied to grass forage at wilting, Fresh = enzyme applied to grass forage at cutting, RF = enzyme applied after grass hay was rehydrated to DM of fresh forage, RW = enzyme applied after grass hay was rehydrated to DM of wilted forage. d E1 = enzyme 1 (Alphazyme), E2 = enzyme 2 (Grasszyme), E1E2 = 50:50 combination of E1 and E2. Alphazyme and Grasszyme are commercial enzyme preparations manufactured by FinnFeeds International, Marlborough, U.K.
e High = 5.26 mL enzyme/kg of grass DM, Low = 2.1 mL enzyme/kg of grass DM. Table 4 . Effect of enzyme treatment of grass forage on intake and digestibility by steers a E-dry = enzyme applied to grass hay immediately before feeding, E-fresh = enzyme applied to grass forage at cutting, E-wilt = enzyme applied to grass forage at wilting, Control = untreated grass hay. b,c,d Means in the same row with different superscripts differ ( P < .05). Table 5 . Effect of enzyme treatment of grass forage on particulate passage variables of steers a E-dry = enzyme applied to grass hay immediately before feeding, E-fresh = enzyme applied to grass forage at cutting, E-wilt = enzyme applied to grass forage at wilting, Control = untreated grass hay.
b,c,d Means in the same row with different superscripts differ ( P < .05). trends in in vitro or in situ disappearance across combinations of moisture condition, enzyme level, and enzyme type. We do not feel that CMCase was an accurate indicator of microbial activity in this experiment.
Interactions observed for in vitro DM and NDF disappearance suggest that identification of proper enzymes is an important consideration for each forage type to be treated. This study was conducted to explore enzyme treatments that might improve degradability compared with untreated grass. Results of this experiment were used to determine the enzyme type and level to apply to treatments in Exp. 2.
Experiment 2
Supplement DM intake was not affected ( P > .05) by diet, although hay and total DM intake was greater ( P < .05) for E-dry than for E-fresh and control diets (Table 4) . Intakes of NDF and ADF also were greater ( P < .05) for E-dry than for E-fresh or control because of the greater hay intakes. Total tract DM and NDF digestibilities were enhanced ( P < .05) for E-dry compared with other treatments, and the digestibility of ADF was greater ( P < .05) for E-dry than for Efresh and control. Although definite cause and effect relationship cannot be assigned, improved digestibility of the E-dry treatment was associated with improved DMI. The combination of improved intake and digestibility resulted in a 21% increase in DM digested per day for E-dry compared with control.
In vivo digestibility data are consistent with the in vitro disappearance data of Exp. 1. Application of E1E2 enzyme to dry forage immediately before in vitro incubation and before feeding was effective in increasing DM and NDF digestibility (disappearance). Other enzyme treatments in Exp. 1 and 2 were largely ineffective in improving digestibility.
Total VFA concentration in ruminal fluid, molar proportions of individual VFA, acetate:propionate ratio, ammonia N concentration, and pH were not altered ( P > .05) by diet (data not shown). Ruminal particulate passage rate was 31% faster ( P < .05) and ruminal retention time 24% shorter ( P < .05) for the E-dry than for the control treatment; values for the Efresh and E-wilt treatments were intermediate (Table  5) . Because digesta must be reduced to a critical particle size before passage from the rumen (Ulyatt et al., 1986) , an increased rate of passage may indicate a faster rate of particle size reduction in the rumen (Moseley, 1982) . Consequently, intake may be increased by the faster rate of passage and shorter retention time (Mertens, 1986) . In this study the greater intake of hay and total DM for the E-dry Table 6 . Effect of feeding enzyme treatments of grass forage on in situ disappearance of untreated grass substrate in the rumen of steers a E-dry = enzyme applied to grass hay immediately before feeding, E-fresh = enzyme applied to grass forage at cutting, E-wilt = enzyme applied to grass forage at wilting, Control = untreated grass hay.
b,c,d Means in the same row with different superscript letters differ ( P < .05). treatment may partially be due to faster rate of passage and shorter ruminal retention time compared with the control diet. While the E-dry treatment had greater DM and NDF digestibility than other treatments (Table 4) , no treatment differences were observed in VFA concentration in ruminal fluid. Fermentation end products in E-dry-fed steers may not have become more concentrated because of faster ruminal fluid dilution, as evidenced by the faster particulate passage rate. When in situ disappearance of the untreated grass was measured in steers fed the four diets, rate of ISDMD was numerically greater ( P > .05) and rate of ISNDFD was greater ( P < .05) when steers were fed E-dry and control treatments than when fed the other treatments (Table 6 ). After 16 h of incubation, ISDMD of untreated grass was lower for E-fresh-fed steers than for the other diet groups. Numerous statistical differences existed for ISNDFD at various times; the general trend was greater disappearance for the E-dry-and control-fed steers compared with those fed E-fresh or E-wilt. When in situ disappearance of treatment grass substrates was measured, rate of ISNDFD of E-dry was greater ( P < .05) than for the other treatments, and a similar trend ( P < .10) was observed for the rate of ISDMD (Table 7) . Also, ISDMD was greater for E-dry than for all other treatments after 24, 32, and 48 h of incubation. Disappearance of NDF was greater ( P < .05) at 24 h of incubation for the E-dry treatment.
In situ disappearance results demonstrate improved degradability of dry grass substrate when fibrolytic enzymes are applied before incubation. Untreated grass ISNDFD was not different in control-fed steers and E-dry-fed steers (Table 6 ) despite the presence of the exogenous fibrolytic enzyme in the ruminal environment of the E-dry-fed steers. However, rate of ISNDFD of enzyme-treated substrate incubated in Edry-fed steers was greater than untreated substrate incubated in control-fed steers (Table 7) . Therefore, the mechanism of improvement of direct-fed enzyme seems to require some degree of direct contact of the enzyme with the substrate before feeding.
Data across Exp. 1 and 2 were remarkably consistent. Results of Exp. 1 indicated application of enzyme directly before incubation was effective in increasing in vitro disappearance of substrate, whereas application of enzyme pre-harvest did not improve, and often reduced, disappearance compared with control. The same response was observed in vivo in Exp. 2: application of enzyme immediately before feeding increased intake, digestibility, particulate passage, and in situ disappearance compared with the control treatment, whereas application of enzyme at harvest (E-fresh and E-wilt) was ineffective. Forwood et al. (1990) reported treatment of tall fescue with a cellulase solution increased IVDMD and electron micrographs revealed greater cuticular disruption on cellulase-treated leaf blades. We propose that the grass in the E-dry treatment had similar surface decay, which enhanced ruminal microbial colonization. Increased microbial colonization consequently would further increase degradation and particle size reduction. This mechanism explains increased DM digestion and particulate passage rate allowing for greater DM intake.
Similar to observations of our study, Chen et al. (1994) reported improved DMI and in situ DM and NDF disappearance at 24 h of incubation when Table 7 . Effect of feeding enzyme treatments of grass forage on in situ disappearance of grass substrates respective of the dietary grass forage in the rumen of steers a E-dry = enzyme applied to grass hay immediately before feeding, E-fresh = enzyme applied to grass forage at cutting, E-wilt = enzyme applied to grass forage at wilting, Control = untreated grass hay.
b,c Means in the same row with different superscript letters differ ( P < .05). fibrolytic enzymes were applied to grass-legume forage before ensiling. These responses were associated with increased milk production in dairy cows. It is not known whether responses we observed with direct-fed enzymes are of the same mode of action as the responses observed when fibrolytic enzymes are applied to forage before ensiling. Results of this study are somewhat surprising in that they indicate a maximum benefit from enzymes when they were direct-fed rather than when applied at harvest. Although the conventional thought is that ruminal microbes produce an abundance of fibrolytic enzymes, supplemental related enzymes may aid in converting cellulosic residues to glucose (Reese, 1975) .
Implications
Laboratory results suggest it is important to consider the combined effect of enzyme type, enzyme level, and forage moisture condition when forage is treated with enzymes. In vivo data indicate improved intake, digestibility, particulate passage, and ruminal degradability when fibrolytic enzymes are added to dry grass immediately before feeding. Magnitude of response indicate these enzyme preparations have potential for improved animal production on foragebased diets. Further investigations with other enzyme extracts and methodologies for direct-fed application may yield even better responses. Although exogenous fibrolytic enzymes may prove beneficial in utilization of fibrous feed sources, future use of enzymes as direct-fed additives will also depend on cost and convenience of application.
